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Record carriers and mefhod for fhe production of record carriers 



The invention relates generally to the field of record carriers. More 
specifically, the invention relates to optical record carriers having at least a portion of data 
that is read-only. 



Optical record carriers are ubiquitous. Every year, millions of optical record 
carriers in the form of Compact Disc (CD) and Digital Versatile Disc (DVD) data storage 
media are sold all over the world. Optical record carriers combine light weight, small size, 
high data capacity, fidelity, ease of storage, and durability. Optical record carriers are by far 
the dominant form of media encoding film, music and data. A recent innovation is the 
development of a new format for optical record carriers known as the Blu-Ray™ Disc (BD) 
standard 

Optical record carriers fell into one of several categories, including read-only 
(readable, but not writeable), recordable (writeable one time only) and re-writeable (write, 
erasable, re-writeable). When the optical record carrier is an optical disc, each of the afore- 
mentioned types of optica] record carrier undergoes a manufecturing process that creates at 
least one track in a data storage layer in the disc. For each type of disc, data is placed onto the 
track; the way in which data is so placed depends on the type of disc. 

Read-only optical discs typically hold data in the form of a relief stracture. 
The, or each, data track comprises a plurality of marks which are spaced irregularly with 
respect to one another. Since the marks constitute areas of a different depth in the disc to the 
intervening lands in the disc, the marks and spaces form a relief structure in a data storage 
layer of the disc. The lengths of the marks and spaces, which are collectively referred to as 
the symbols, encode digital data. Read-only optical discs are typically formed by a molding 
process using a mould referred to as a 'stamper' or 'masto:/ The manufecture of the stamper 
is referred to as a mastering process, and is described in more detail below. 

Once the staniper is produced, a substrate layer, made of, for example 
polycarbonate, is produced fix>m it The information on an optical disc is encoded as a 
sequence of symbols (marks and spaces) molded into the top of the iK>lycarbonate layer 
which has a reflective coating. The length of the symbols on read-only discs is an integer 



PHNL031505EPP 



2 17,12.2003 
number times a unit length, the standard bit lengfli. The integer corresponds to the so-called 
•nominal length' of the mark. A nominal length of 3 for a symbol indicates that the symbol is 
three times the length of a standard bit length. The integer number used to determine the 
lengths of marks and spaces can take values betvsreen d+l and krM. In the case of the Blue 
5 RayDisc (BD) standard, d= 1 andk = 7. 

In the case of a CD, each mark is approxintiately 125 nanometers deep by 
SOOnm wide, and varies from 85Qnm to 3.1 13fmi long, depending on the integer length. Tlie 
spacing between the tracks is LS^m. In the case of BD, tihie marks are much smaller, having a 
width of around 140nm, a depth of around 63nm, and a length varying fixm ISOnm to 60Qnm 
1 0 depending upon the integer length. 

AU optical discs are read by aiming a laser beam at the disc and monitoring 
the reflected beam. Light from a semiconductor laser is shone through a transparent layer, 
and the light reflected by the reflective data storage layer is monitored. The light firom the 
laser forms a spot on the reflective data storage layer. The light beam is shone through a 
1 5 relatively thick substrate layer of the disc in the case of CD discs, and through a relatively 
thin cover layer of the disc in the case of BD discs. The area of the data layer without marks 
is known as "land" and marks may be referred to as **pits'\ 

Light striking the "land" areas is reflected normally and detected by a 
photodiode. Light striking a marlt^ however, undergoes destmctive interference with li^t 
20 reflecting fix>m the land surrounding fhe bunop and no light is reflected. This occurs because 
the depth of each made is one quarter of the wavelength of the laser light (in the transfparent 
layer through which the beam is focused), leading to a half-wavelength phase difference in 
li^t reflecting firom the land to that of light reflecting fix)m the mark. 

25 

It is the object of this invention to improve the quality and fidelity of data 
read-out firom optical record carriers, reducing the variation between input and output data 
(data stamped onto the disc during manufacture, and data read out by an optical scanning 
device). 

30 In accordance with one aspect of the present invention, there is provided an 

optical record carrier, the optical record carrier coxnprising a data storage^ayer including a 
relief structure for storing data to be read, wherein the relief stracture comprises a data track 
encoding data which is read-only, tiie data track comprising: a sequence of symbols having 
nominal lengths corresponding to an integral multiple of a standard bit length, the symbols 
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having edges positioned according to a set of reference points which are regularly spaced 
along flie data track and separated by the standard bit length, wherein the data track includes 
a first such edge, wherein the first edge is shifted along Ihe data track, wilh respect to one of 
said reference points, by a first oflfeet, wherein the data track includes a second such edge, 
wherein the second edge is shifted along the data track, with respect to another of said 
reference points, by a second offeet, wherein the magnitude of the second offeet is different 
to the magnitude of the first of&et 

As described above, the marks and spaces in Ihe data storage layers of optical 
record carriers encode data according to their length. When the read-out signal fixMn an 
optical record carrier is analyzed, the output value calculated from the length of Ihe symbols, 
as derived from the read-out signal, is not always equal to the intended mput value of the 
made or space, represented by the nominal length of the mark or space. A mark of nominal 
length of 4 may be read out as a marie of length 3.8 or length 4.2, for example, even though 
the mark stan^jed onto the disc is of a length that exactly correlates with a nominal integer 
value of 4. In particular, marks and spaces wifli a nominal length of 3 are often read out as 
bemg too long (marks and spaces of nominal length 3 give output values of greater than 3). 
These are systematic read-out bit length errors, and they cause Ihe output signal firam the disc 
to differ fcom the intended signal, degradmg output signal quality. 

The incorporation of varying offsets into the positioning of the edges of flie 
symbols provides a solution to flie problem of read-out bit length errors. Of&ets change flie 
physical position and length of Ae symbols on the carrier, shifting the border between a marie 
and a space. If offsets according to an embodiment of the invention are incorporated, 
systematic read-out errors are compensated for, and read-out data quaUty and fideUty 
improved, with no need to alter existing reading equipment By altering the physical length of 
symbols in the relief structure of the carrier, read-out error rates can be significantly reduced. 
In an embodiment of flie invention, one of the symbols has a centrepoint halfivay along its 
nominal length, and the centrepomt is shifted with respect to a regularly spaced reference 
pomt by an offeet In Has way, a symbol may be shifted both in terms of its edges and its 
center (i.e. moving the symbol as a whole.) 

Preferably, the data track includes a first symbol and a second symbol, the 
first symbol having a first nominal lengfli, the first nommal length corresponding to a first 
mtegral multiple of the standard bit length, the second symbol havmg a second nominal 
length, the second nominal length corresponding to a second, di£ferent, integral multiple of 
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the standard bit length, wherein said first symbol includes said fiist edge and wherein said 
second symbol includes said second edge. 

The first symbol may have a third edge vMdi is shifted wifli respect to a 
position defined by the standard bit length, by a third of6et Both or either edge of a synibol 
may be shifted by an offset in order to inqnove read-out data quality. The effects may be the 
same, or they may differ. 

Although two symbols may be of the same nominal length, the offsets of the 
two symbols m^ differ. Of6ets may be calculated according to both the nominal length of a 
symbol and the nominal length of another, neighboring symboL Accordingly, if the sequence 
comprises a third symbol having the same nominal length as the second symbol, and the Ihird 
symbol has an edge shifted by a fourfli offeet, the fourfli offeet may be different to the second 
of&et. 

The sequence may be arranged such that the second symbol is systematically 
presented adjacent to one or more further predetermined symbols, and the third symbol is 
systematically presented adjacent to one or more different further predetemuned symbols. In 
a sequence, there may be certain systematic patterns of symbol nominal length, and symbols 
of a given nominal length may appeea: more fi?equentfy lhan symbols of other nominal lenglfa. 
An edge of a synibol may be offeet by a value dependmg on the nominal length of one or 
more of the symbols adjacent to the edge. Symbols of a certain nommal length have been 
found to be more prone to read-out error than others, in particular when followed by, or 
preceded by, a symbol of a certain dififerent nominal length. For exainple, an edge may be 
shifted by an offeet having a magnitude of between 5% and 15% of the standard bit for a 
symbol of nominal length 3, m particular when it is followed by, or preceded by, a symbol of 
nomioal length 2. 

In accordance with a further aspect of the present invention, there is provided 
a method of manufecturing an optical record carrier comprising a data storage layer, the 
method comprising: writing digital data to a surfece, the writing comprising forming a data 
track including a sequence of symbols having nominal lengths corresponding to an integral 
multiple of a standard bit length, the symbols having edges positioned accordmg to a set of 
reference points which are regularly spaced along the data track and separated by the 
standard bit length, wherein the sequence of symbols includes a first such edge, wherein the 
first edge is shifted along the data track, with respect to one of said reference points, by a first 
offeet, wherein the data track includes a second such edge, wherein the second edge is shifted 
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along the data track, with respect to another of said reference points, by a second o£&e^ 
wherein the magnitude of the second ofgiet is di£feient to the magnitude of the first of&et. 

The method in accordance with an aspect of the present invention provides for 
the manu&cture of a stamper. This stamps may then be used to produce optical carriers 
5 conoprising a sequence of symbols according to an embodiment of the invention, the ofiEsets 
in the sequence of symbols providing the improvement in read-out quality described above. 
In an embodiment, the ofi&ets are determined with reference to a look-up table, thereby 
fecilitating the process of offset calculation. The table may take into account one or more 
nominal lengths for each of&et. 

10 



Further features and advantages of the invention will become ^parent from 
the following description of preferred enobodiments of the invention, given by way of 
example only, which is made with reference to the accompanying drawings in which 

Figure 1 is a schematic diagram showing an optical scanning device operating 
in conjunction with an optical record carrier according to an embodiment of the present 
invention. 

Figures 2a and 2b show an optical record carrier according to an embodiment 
of the present invention. 

Figures 3a and 3b show a mark in the data storage layer of the optical record 
carrier, in plan view and cross-section resfpectively. 

Figure 4 shows read-out errors that have been detected firom analysis of 
simulated read-out data based on known optical record carriers. 

Figures 5a and 5b are histograms showing measured read-out data from the 
25 known optical record carri^, illustrating the deviation in read-out data from the nominal 
integer values of symbols. 

Figure 6 is a deviation matrix showing measured inter-symbol interference. 
Figure 7 shows a sequence of marks and spaces in Ihe data storage layer of an 
optical record carrier in accordance with an embodiment of the invention, 
30 Figure 8 shows a fiulher sequence of marks and spaces in the data storage 

layer of an optical record carrier in accordance witii an embodiment of the invention. 

Figure 9 is a graph showing the read-out errors detected firom analysis of the 
simulated read-out data of an optical record carrier comprising a sequence of marks and 
spaces in accordance with an embodiment of the invention. 



PHNL031505EPP 



6 17.12.2003 
Figure 10 is a ftnther graph showing fhe lead-out errors detected from analysis 
of the simulated read-out data of an optical record carrier conoprising a sequence of marks 
and spaces in accordance with a second embodiment of die invention, and 

Figure 1 1 illustrates a method of manu&cturing an optical record carrier 
S according to an embodiment of the invention. 



Fig. 1 shows a schematic diagram of an optical scanning device with which 
optical record carriers in the form of discs according to embodiments of the present invention 

10 are arranged to operate. The optical scanning device includes a radiation source 6, for 

example a senod-conductor laser, emitting a diverging radiation beam 7. A beam splitter 8, for 
example a semi-transparent plate, is arranged to transmit the diverging beam 7 towards an 
objective lens 10. The lens system includes a collimator 1^ 9 and an objective lens 10 
arranged along an optical axis 13. 

IS The collimator lens 9 is arranged to transform the diverging beam 7 emitted 

from the radiation source 6 into a substantially coUimated beam IS. The objective lens 10 is 
arranged to transform the incident coUimated radiation beam IS into a converging beam 14, 
having a selected numerical aperture (NA), which comes to a spot 18 on a layer of optical 
disc 1 (specifically data storage layer 3, described in more detail below). A detection system 

20 16 and a second collimator lens 19, together with the beam splitter 8, are provided to detect a 
main information signal and focus and tracking error signals, which are used to mechanically 
adjust the axial and radial position of the objective lens 10. 

The optical disc 1 may have a single data storage layer (a so-called * single- 
layer' disc) or multiple data storage layers (a so-called *multi-layer' disc.) An embodiment of 

2S single layer disc 1 is shown in more detail in Figs. 2a and 2b. Figure 2a shows an optical 
record carrier according to an embodiment of the invention, in fhe form of a read-only disc 
conforming to the BD standard (herein referred to as BD-RO). Disc 1 has an sqserture 22, 
surrounded by a clamping area 24, which fits into a mechanism (not shown) to rotate the disc, 
l^trance frice 5 is shown. The sphal track of symbols in the data storage layer (shown in Fig. 

30 2b) originates at lead-in area 26 and ends near the edge of disc 1 at lead-out area 28. 

Disc 1 is made up of a number of layers in cross-section, shown in more detail 
in Fig. 2b. Optical disc 1 comprises a transparent layer 2, which has entrance frice 5 of Hie 
disc on one side and at least one data storage layer 3 on the other side. The transparent layer 
2 essentially presents a refractive carrier for the converging beam 14 to pass through. The 
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data storage layer, or layers, are in turn arranged on supportive substrate 4. The data storage 
layer 3 includes a reflective layer in its upper &ce, feeing away from the transparent layer, 
forming a relief structure. The relief structure comprises dsda tracks made iip of a sequence of 
marks and spaces. The relief structure is formed in the data storage layer during the mastering 
5 process, which is described in more detail below. 

In the case of a multi-layer disc, two or more data storage layers are arranged 
behind a first transparent layer, and a data storage layer is separated from another data 
storage layer by a further transparent layer. Each data storage layer is located at a different 
depth within the disc with respect to the entrance &ce 5. 

10 Figs. 3a aad 3b show a mark 20 of a so-called 'stadium' shape which forms 

part of the relief stracture in the data storage layer 3 of disc 1 . The mark is formed in the data 
storage layer 3 of the optical record carrier 1 by staniping the layer with a sur&ce known as a 
stamper formed from a 'master' (which process is desoibed in more detail below.) 

Fig. 3ashowsaplanviewof the noiark. The mark forms a height profile in the 

IS sur&ce of the data storage layer. The physical length of Ihe mark 20 (/), as physically 

stamped into the disc at the time of manufacture, is measured along the centerline 21 of the 
marl^ between its leading and trailing edges (from point x to point y). The total length / 
includes the two caps ewm/2 and the central portion l-ewn^ The length / of the mark 20 
comprises an integral multiple of the standard bit length, which multiple corresfponds with the 

20 nominal length, and furliier may comprise an of&et (which may be zero). 

The standard bit length is the base unit of data for a record carrier, and 
depends upon the type of the record carrier. In the case of a BD-RO with a capacity of around 
25 GBytes, the standard bit length is 75nm. The nominal length for marks and spaces can 
take values between d+1 and lc+-l, where d=l and fc=7. Therefore, the available integers for 

25 marks and spaces on a BD-RO are 2, 3, 4, 5, 6, 7, and 8. The width, depth and wall angle 
(Wm, hm, Ym) of all the marks on a BD-ROM are substantially identical - information is 
encoded in the length of the mark. Fig. 3b shows mark 20 in cross-section, illustrating the 
depth hm and wall angle ym of tiie mark. The data storage layer 3 of disc 1 shown in Figs. 1, 
2a and 2b comprises a multiplidly of marks such as mark 20, in data tracks separated by a 

30 constant distance. 

The spaces between the marks also encode data by nominal length in the same 
way as marks. The length of a space is measured along the same centerline as the marks, 
from the trailing edge of the last mark in sequence to the leading edge of the next. 
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Fig. 4 is a graph showing simulated read-out percentage error of the known 
optical record carrier. The data is derived from statistical analysis of the simulated read-out 
from a BD-RO with a plurality of symbols. BD-RO symbol lengths in Ifae simulation have the 
same frequency and distribution as the symbols in the data storage layer of real prior art BD- 
ROs. The icad-out percentage error on Ifae y axis is plotted against the bit length of each 
symbol. Marks and spaces are plotted on separate lines, as indicated. It can be seen that 
marks and spaces are both subject to a roughly similar pattern of percentage errors at most bit 
lengths. Inaccuracy in read-out symbol length leads to a loss of data quality, as the intended 
value of the symbol will not form part of the output from the disc. 

The percentage error is derived from the deviation in average bit read-out 
length compared to the nominal length for all symbols. The percentage deviation is the 
percentage of a standard bit length. Symbols of nominal length 2 are read out on average as 
2% of a standard bit length too short - marks are 4% too short and spaces are on average read 
out accurately (0% average space error). Symbols of bit length 3, by contrast, are, on average, 
between 10 and 12% too long; spaces are just over 10% too long, while marks are 12% too 
long. Symbols of nominal length 4 are aroimd 6% too short at read-out At nominal lengths of 
S and above, spaces and marks show differing percentage error but follow a similar pattern. 
This particular pattern of error is characteristic of the symbol parameters of BD-ROs. Other 
optical record carriers will have a difiFering pattern of read-out percentage error. 

Figs. Sa and 5b are histograms showing measured read-out data fiom a known 
BD-RO illustrating the deviation in read-out data from the nominal symbol bit values. The 
vertical axis represents the number of symbols read out and the horizontal axis represents the 
bit length of the symbols as read out. The dashed lines represent the points on the x axis that 
correspond to integer bit values. 

Fig. 5a shows the histogram for spaces. It can be seen that, around the point on 
the horizontal axis corresponding to a bit length of 2, there is a wide frequency distribution 
30, and therefore considerable variation in read-out length for spaces of a nominal length of 
2. Although the peak of distribution 30 is centered at the dashed line indicating read-out bit 
lengfli 2, the distribution 30 is slightiy right-skewed, with a small but appreciable amount of 
spaces read out as having a bit length of around and over 2.5. This indicates that spaces of a 
nominal length of 2 vary considerably in length when read out. There will therefore be a 
considerable amount of error in a dataset comprising a high frequency of symbols of a 
nominal length of 2. 



PHNL031505EPP 



9 17.12.2003 
The peak of fiequency distdbution 32 is centered slightly to Ihe right of bit 
length 3, indicating that spaces of a nominal length of 3 are generally read out as being 
slightly too long. However, the width of the distribution 32 is narrower tiian the width of 
distribution 30, indicating that nominal length 3 spaces are less likely to vary in value from 3 
3 in read-out bit length. There are also discernible patterns at hi^er bit lengths. Distributions 
34, 36, and 38 indicate that spaces of nominal length 4, 5, 6 or 7 are usually read out as being 
slightiy too short. Distribution 42 does not clearly indicate a pattern of read-out error due to a 
paucity of data. 

Similar patterns may be discerned from the histogram of mark read-out 
10 frequency shown in Fig. 5b. Distribution 50 peaks at a read-out length of 2, but is very wide, 
with tails around 1 .5 and 2.5, indicating a similar variation in the read-out data of marks and 
spaces of a nominal length of 2. No other distribution in Fig. 5b is as wide as distribution 50, 
and a similar decrease in the frequency of madcs with length can be seen. Like distribution 
32, distribution 52 is centered slightiy to the right of a bit length of 3, indicating a tendency in 
1 5 read-out to increase the bit length of marics of a nominal length of 3. Distributions 54, 56, 58, 
60 and 62 indicate that madss of nominal lengths of 4 and above are usually read accurately 
as the peaks of all those distributions are centered around the integers of their nominal read- 
out length. 

It can also be se^ from the histograms that symbol bit length frequency 
20 decreases with length; there are more symbols of lower bit length than higher. Distributions 
42 and 62, indicating the read-out lengths of spaces and marks of a nominal length of 8, are 
far smaller and less dense than any other distribution in Figs. 5a and 5b, indicating that 
symbols of a nominal length of 8 are the least frequent On the other hand, the most common 
symbols are those of nominal length 2, as indicated by the width and height of distributions 
25 30 and 50. Both graphs indicate that symbols of shorter nominal length are both the most 

frequent and the most prone to read-out error and therefore the quality of the data at read-out 
is v^ likely to be conopromised. 

Fig. 6 is a gr^h showing how read-out errors of neighboring symbols affect 
each other, in the form of a set of dots each representing a measured read^out of a 
30 combination of a mark and a space, the read-out length of the mark given on the y axis and 
the read-out length of the space given on the x axis. The dots form spreads around the 
intersections of integer values, where the integer values are shown in dashed lines. A small 
white square is shown at each intersection of nominal length values, to indicate the average 
read-out value for each combination. It can be seen that a particularly hig^ deviation is seen 
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where one syoibol is of nominal length 3 and the other is of nominal length 2, fhe center of 
fhe spread is off fhe intersection line where the nominal integer values meet. Therefore, it 
would ^ypear that neighboring symbols of nominal lenglh 2 and 3 have an effect on each 
other, causing more read-out error than any other combination of symbol bit lengths. This 
5 effect may be termed length-dependmt inter-symbol interference, because the read-out error 
detected for a symbol varies according to the length of the symbol and a neighboring symbol. 

Fig. 7 shows an ideal binary output signal fiom an optical record carrier, and a 
sequence of marks and spaces in the data storage layer of an optical rword carrier, in 
accordance with an embodiment of the invention. The sequence of marks and spaces 

10 comprises a space 70, a mark 72 and a space 74. Space 70 has a nominal run length m, mark 
72 has a nominal run length n, and space 74 has nominal run length m', where n, m, and m' 
are integers taking values from d+1 to k+1. As noted above, according to the BD standard the 
integers would tiierefore be 2-8. The standard bit length is Axci(& is the ofEset, which is 
the linear shift of the edge between a mark and a space. The of^et may also cause a shift in 

1 S the position of the center of a symbol. 

Ideally, the output signal as read-out by the optical scanning device will be as 
similar as possible to the input signal. In known optical record carriers, marks and spaces are 
stamped into the disc in a pattern that exactiy reflects the binary input signal in linear terms. 
Due to the systematic errors described above, the output signal from a known disc will vary 

20 fiom the intended input signal. 

In an optical record carrier according to an embodiment of the present 
invention, the edges between marks and spaces are shifted by an ofi&et distance, in 
comparison with the marks and spaces fovind in the prior art. In comparison with lengths 
corresponding to the ideal binary output signal, the edge between the space 70 and the mark 

25 72 is shifted by an offset distance E(ii^Axcick to the left, and the edge between mark 72 and 
the space 74 is shifted over a distance ECQ^)Axddc to the right The position of the center of 
mark 72 is then shifted over a distance [E(n^0-E(n,m)]Axcick/2 to the ri^t The mark 72 has a 
total length / = [n+En,m*+En^ ] Axcidc- The physical length of mark 72 is therefore increased by 
[E(n^)-l-E(n^')]^ick compared to an integral multiple of the standard bit length interval 

30 When the marks and spaces shown in Fig, 7 are scanned and read-out, the output signal will 
be an improved match to the ideal binary output signal. 

By altering the length and center position of the symbols on the record carrier, 
systematic read-out errors are compensated for, and read-out data quality and fidelity 
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imp3X>ved, with no need to alter existing reading equipment By altering the record carrier, the 
data as read-out will more accurately reflect the intended binary output signal. 

The read-out signal can be optimized by varying the offsets EOyn) for all 
nominal lengths (values of n and m). Table 1 shows length of&ets for a combination of each 
S ToaA: and space combination, as a fiaction of standard bit length, for a BD-RO in accordance 
with an embodiment of the invention. The ofisets have been determined by simulation to 
optimize read-out quality. 

Table 1: 

10 



Space—* 
Mark 

i 


2 


3 


4 


5 


6 


7 


8 


2 


0.0131 


0.0619 


-0.0149 


-0.0293 


-0.0087 


-0.0097 


-0.0058 


3 


-0.0646 


-0.0074 


-0.0860 


-0.1036 


-0.0834 


-0.0745 


-0.0876 


4 


0.0396 


0.1006 


0.0190 


-0.0Q2S 


0.0228 


0.0228 


0.0038 


5 


0.0234 


0.0923 


0.0100 


-0.0129 


0.0142 


0.0179 


0.0045 


6 


-0.0011 


0.0610 


-0.0194 


-0.0434 


-0.0197 


-0.0175 


-0.0319 


7 


0.0038 


0.0678 


-0.0158 


-0.0390 


-0.0110 


-0.0091 


-0.0280 


8 


0.0047 


0.0719 


-0.0132 


-0.0317 


-0.0096 


-0.0152 


-0.0156 



Note that the sign convention used in Table 1 (and Table 2, set out below) is such that the 
positive direction is always the direction, at the edge between a mark and a space, which goes 
from the space towards the mark (referred to herein as 'the direction of the mark"). Each 

IS entiy in Table 1 determines how the edge between the corresponding mark and space 

combination should be of&et in the direction of the mark. The magnitude of the of&et is thus 
varied according to the nominal length of the mark and the nominal length of the space, 
which are adjacent to each side of the edge. 

For exaniple, a sequence noiay consist of a mark of nonunal length 4, a space 

20 of nominal length 2, a mark of nominal length 3, and a space of nominal length 4. The edge 
between the mark of nominal length 4 and the space of nominal length 2 is shifted by an 
offeet of 0.0396 (i.e. it is shifted by +3.96% of the standard bit length in the direction of the 
mark, or -3.96% of the standard bit lengfli in the direction of the space). The edge between 
the space of nominal length 2 and the mark of nominal length 3 is shifted by an offset of - 
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0.0646 (i.e. it is shifted by -6.46% of the standard bit length in the direction of the mark; or 
+6.46% of the standard bit length in the direction of the space). The edge between a made of 
nonodnal lenglh 3 and a sfpace of nominal length 4 is shifted by an aS&et of -0.0860 (i.e. it is 
shifted by -8.60% of the standard Int lengdi in the direction of the mark, or +8.60% of the bit 
5 length in the direction of the space). It can be seen that the value of the optimal ofEset varies 
depending on the respective lengths of tbie mark and space, in order to compensate for the 
length-dependent inter-symbol interference described above with reference to Fig. 6. 

Fig. 8 shows a portion of a data track on an optical record carrier comprising a 
sequence of symbols according to an enibodiment of the invention. Fig, 8 is diagrammatic 

10 only, and is not to scale. One data track, read from right to lefl^ is shown, in three sections. A 
scanning device projects a scanning li^t beam along data track 1 10, represented by its center 
line. The dashed vertical dividing lines 1 12 show how the data track is divided into regular, 
standard bit length distances, forming regularly spaced reference points. Three ntiarks (1 16, 
124, 134) and three spaces (114, 118 and 130) are shown. 

IS The length of a standard bit length (Axcick) is shown in Fig. 8, as the distance 

between each of a set of standard reference points 1 12. The reference points 1 12 are regularly 
spaced along the data track wi& a spacing corresfponding 1o the standard bit length (Axckk). 
Symbols on the data track are placed with the i)ositions of their edges determined according 
to the reference points 112, and with given ofifeets. The nominal length of each symbol is 

20 shown in Fig. 8 in terms of the corresfponding integral multiples of the standard bit length 
distance, given by the reference numeral followed by N. 

Space 1 14 is made up of a nominal length of 2, as shown beneath the space 
(distance 1 14N). The nominal lengths of all the symbols in the data track of Fig. 8 are shown 
by the measurements represented by horizontal arrows beneath the symbols. Following the 

25 space 1 14, the mark 116 has a nominal length of 2 (measurement 1 16N), and edges 1 16A and 
116B. 

In accordance with an embodiment of the invention, the edges of the mark 116 
are shifted by an of&et. According to Table 1, the optimal ofi&et between a space of length 2 
(here, space 1 14) and a mark of length 2 is 0.0131, or 1.31% of the standard bit length, in the 
30 direction of the mark. The edge 1 16A of mark 116, between space 1 14 and mark 1 16, is 

therefore shifted by this distance, shown as offset 120. Space 1 1 8 is also of nominal length 2 
(measurement 1 1 8N). The edge 1 16B of mark 116, between mark 116 and space 1 1 8, is 
therefore similarly shifted by 1 .3 1% in the direction of the mark; shown as offset 122. It can 
be seen, ttierefore, that, according to an embodiment of the invention, the edges of a symbol 
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may have two similar o£&ets, if fhe symbol is preceded and followed by symbols of a similar 
length. 

Mark 124 has a nominal length of 3 (shown by measurement 124N). Referring 
again to Table 1, the edge 124A between space 118 and mark 124 is shifted by -0.646, or - 
5 6.46% in the direction of the mark, shown as ofGset 126. The edge 124B of the mark 124, 
between the mark 124 and the space 130 (of nominal length 3) is shifted by -0,0074, or - 
0.74% of standard bit length in the direction of the mark, shown as offset 128. Offsets 126 
and 128 vary (-0.646, or -6.46%, and 0.0074, or 0.74%). It can be seen, therefore, that the 
edges of a symbol may have different of&ets where the preceding and following symbols 

1 0 have different lengths. 

Space 130 has a nominal length of 3 (measurement 130N), and is followed by 
mark 134, which also has anondnal length of 3 (measurement 134N). According to Table 1, 
therefore, offset 132 is -0.0074 or 0.74% in the direction of the mark. 
In this case, it can be seen, therefore, that symbols of similar nominal length may have 

IS different of&ets, depending upon the nominal length of neighboring symbols. The mark 124 
and mark 134 both have a nominal length of 3, however, the values of Ihe ofi&ets vary — in 
this example, ofifeet 126 is -0.646, or -6.46% of a standard bit length, while offeet 132 is - 
0.0074 or 0.074%, due to the differing lengths of the symbols preceding the marks. Mark 134 
has a furlfaer offset 135, although the following space is not shown. The length of ofi&et 135 

20 would vary according to the length of the following space. 

Due to the feet that the offset on each side of a symbol may be different, the 
center of the symbol, defined as the point hal^ay along its length, may also be shifted 
relative to the centrepoint of the symbol's nominal position, referred to herein as a reference 
centrepoint. Reference centr^oint 124C is positioned halfway along the nominal length of 

25 mark 124, i.e. halfway along measurement 124N. However, the actual center point 124C of 
mark 124 is shifted relative to reference centrepoint 127, due to the o:l%etting of edges 124A 
and 124B. Therefore, it can be seen that of&ets alter the length and centrepoint of symbols as 
a whole. 

It will be understood tiiat Fig. 8 is illustrative only, and tiiat the invention is 
30 not limited in any way to the specific example shown therdn. The invention may be applied 
to sequences of any length, and of any combination of symbols. 

Fig. 9 is a graph showing simulated read-out percentage error of an optical 
record carrier comprising a sequence of marks and spaces in accordance Avith the first 
embodiment of the invention. Optimized oJ^ets as shown in Table 1 have been incorporated 
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in Ibe symbols, and the read-out percentage error in corctparison to input data is plotted 
against nominal length. Marks and spaces are plotted separately. The error fluctuates between 
+1 and -1% for nominal lengths of up to 6 for both marks and spaces. 

Comparison of Fig. 9 wifh Fig. 4 shows that read-out percentage error is 
S reduced for most nominal lengths when optimized of&ets are incorporated into the symbols 
on an optical record carrier. Most significantly, it can be seen that read-out percentage error 
for symbols of nominal length 3 is 1% for sfpaces and nearly zero for marks. As noted above 
with reference to Fig. 4, error at nominal length 3 is particularly high for the known BD-RO. 
This source of error is greatly reduced when optimized offsets according to an embodiment 
10 of the invention are incorporated into an optical record carrier. 

Simulations of an optical record carrier without optimized symbol offsets 
show that the data to clock jitter, a measure of error of read-out data in comparison with input 
data, is 6.2%« The simulation does not incorporate a number of noise sources, so this measure 
should be seen as a lower bound for the actual data to clock jitter number. If an identical 
IS simulation is run incorporating optimized ofi&ets as shown above in Table 1, data to clock 
jitter is 3.6%. The incorporation of of&ets according to an embodiment of the invention 
therefore significantiy reduces read-out error. 

Ofifeetting the position of the edge between symbols greatly improves read-out 
qualify even when the of&et is not totally optinml. It can also be shown by simulation that 
20 non-optimal, or 'simplified', o:^ets also greatiy reduce read-out error. A set of sinq>lified 
ofiEsets, also for a BD-RO, in accordance with a second embodiment of the invention, are 
shown in Table 2. The simplified offsets are created by rounding the optimized offsets given 
in Table 1. 
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Table 2: 



Space-^ 
Maik , 

i 


2 


3 


4 


5 


6 


7 


8 


2 


0.000 


0.065 


-0.025 


-0.025 


0.000 


0.000 


0.000 


3 


-0.065 


0.000 


-0.095 


-0.095 


-0,075 


-0.075 


-0.075 


4 


0.025 


0.095 


0.000 


0.000 


0.020 


0.020 


0.020 


5 


0.025 


0.095 


0.000 


0.000 


0.020 


0.020 


0.020 


6 


0.000 


0.075 


-0.020 


-0.020 


0.000 


0.000 


0.000 


7 


0.000 


0.075 


-0.020 


-0.020 


0.000 


0.000 


0.000 


8 


0.000 


0.075 


-0.020 


-0.020 


0.000 


0.000 


0.000 



Fig. 10 is a gtaph showing simulated read-out percentage error of an optical 
S record carrier comprising a sequence of marks and spaces in Bccoidance vnUx the second 
embodiment of the invention. Simplified o:^ets as shown in Table 2 have been incorporated 
between the symbols, and the read-out percentage error in comparison to input data is plotted 
against nominal length. Marks and spaces are plotted separately. Error fluctuates between +1 
and -1% for nominal lengths iq) to 6 for both marks and spaces. 

10 It can be seen that, although the read-out percentage error is not reduced as 

strongly as for the simulated carrier with optimized effects as plotted in Fig. 8, there is a 
significant reduction in error in comparison with Fig. 4. The read-out percentage error is 
reduced to around +2 to -3% for nominal lengths up to 6, and in particular, error at nominal 
length 3 is about -1 .5% for spaces and just ovct 1% for marks. The read-out error can 

1 5 therefore be reduced appreciably even with non-optimized effects. 

Running a simulation of an optical record carrier incorporating marks and 
spaces wilh the sinq>lified effects yields a data to clock jitter of 4.3%. This is not as great a 
reduction in error as for a simulated carrier incorporating the optimized ofi&ets, but is 
nonetheless an appreciable reduction in error in coxnparison with a earner which does not 

20 incorporate any effects. The simpUfied offeets in accordance with the second embodiment of 
the invention have the advantage of being easier to incorporate into an optical record carrier, 
because they can be manufactured at higher tolerances than the optimized offsets. 

Fig. 1 1 illustrates a method of manufecturing an optical record carrier having 
the above-described advantages, according to an embodiment of the invention. The 
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manu&ctuie of an optical record carrier involves a mastering process, in which data is 
written from an initial recording to a record canier. In the n astreamof 
binary data is written to a master memory device such as a master tape (not shown). In 
known optical record carrier roanu&cturing methods, binary data is written directly from 
source to a master tape. The binary data on the master tape is then used to determine the 
physical positions and dimension of symbols in the data storage layer of an optical record 
carrier. 

In a method according to an embodiment of the present invention, the binary 
data is processed before writing to the master tape. The processing may take the form of 
analyzing each piece of data that encodes a symbol, determining the length of the encoded 
symbol, and amending the symbol-encoding data to incorporate an ojBfeet in its length. The 
of&et may be determined with reference to a look-up table, similar to that ^own for example 
in Table 1 or Table 2 above. 

The stream of processed binary data on the master tape is used to control a UV 
light beam projector 80, which projects a UV beam at a layer of UV-sensitive lacquer 84. 
UV-sensitive lacquer 84 is overlaid on a layer 86, made of, for exainple, glass. The binary 
data on the master tape is thereby written into the UV-sensitive lacquer 84. The lacquer is 
then 'developed' by washing witii, for example, a sodium hydroxide solution to remove the 
areas of the UV-sensitive lacquer 84 that have been e^^sed to the UV light beam, forming 
an initial relief stmcture 90. The initial relief structure 90 is then electroplated and at least 
one metal negative of the relief stracture is taken, to form stamper 92, which is also termed 
the 'master*. Several stampers may be made. Molten polycarbonate 94 is stainped with 
stamper 92 to form data storage layer 96. After the data storage layer 96 has cooled and set, it 
is sputtered with molten aluminum to form the reflective side 98 of the data storage layer. 
The other layers around the data storage layer are then added; for example, as shown, 
transparent layer 98 is added by spin-coating. 

This method may be used for the manufacture of BD-ROs. In this case, the 
layer 86 and UV sensitive lacquer 84 would form a portion of a circular disc. The disc is 
rotated as the UV beam moves across the surface of the UV sensitive lacquer from the center 
of the disc to the edge, thereby forming the relief stmcture as a spiral data track after the 
lacquer is developed. The circular disc incorporating the spiral data track is electroplated, and 
a circular stamper for the manufacture of BD-ROs is then taken from the circular disc. The 
circular stamper is then used to make record carriers as described above. 
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In an alternative embodiment, the processing may take place after the binaiy 
data has been written to the master t^e, but before the data is physically written to any 
record carrier. 

The above embodiments are to be understood as illustrative examples of the 
invention. Further embodiments of the invention are envisaged. For example, although the 
above embodiments relate to BD-ROs, the invention could be applied equally to any optical 
carrier, which comprises a data storage layer with a relief structure, such as a CD, DVD, etc. 

Note that, whilst according to the scheme set out in the embodiments 
described above, the offset is determined only by the nominal lengths of each symbol 
adjacent the respective edge, in a fiirther embodiment at least on of the of^ets in the scheme 
may be determined in dependence fiirther on the nominal length of at least one further 
symbol adjacent a symbol directly adjacent to the edge. 

It is to be understood that any feature described in relation to any one 
embodiment may be used alone, or in combination with other features described, and may 
also be used in combination with one or more features of any other of the embodiments, or 
any combination of any other of the embodiments. Furthermore, equivalents and 
modifications not described above may also be employed without departing from the scope 
of the invention, which is defined in Ihe accompanying claims. 
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CLAIMS: . 



1 . A record carrier, the record cairier comprising a data storage layer including a 
relief structure for storing data to be read, wherein the relief stracture comprises a data track 
(1 10) encoding data which is read-only, the data track comprising: 

a sequence of symbols having nominal lengths corresponding to an integral 
S multiple of a standard bit length (Axdck), ^® symbols having edges positioned according to a 
set of reference points (1 1 2) which are regularly spaced along the data track and separated by 
the standard bit length (Axcick), 

wherein the data track includes a first such edge (1 16A), wherein the first edge 
is shifted along the data track, with respect to one of said reference points, by a fibrst offset 
10 (120), 

wherein the data track includes a second such edge (124A)3 wherein the 
second edge is shifted along the data track, with respect to another of said reference points, 
by a second of&et (126), 

wherein the magnitude of the second o£&et (126) is different to the magnitude 
15 of the first ofl&et (120). 

2. The record carrier of claim 1, wherein the data track includes a symbol having 
a centrepoint (124C) halfway between the edges of the symbol, wherein the centrepoint is 
shifted along the data track, with respect to a reference centrepoint (127) halfway between 

20 two of said reference points, by an offeet (129). 

3. The record carrier of claim 1 or claim 2, wherein the data track includes a first 
symbol and a second symbol, 

the first symbol having a first nominal length (11 6N), the first nominal length 
25 corresponding to a first integral multiple (ni) of the standard bit length (Axddc), 

the second symbol having a second nominal lengfli, the second nominal length 
corresponding to a second, different, integral multiple (r^) of the standard bit length (Axddc), 

wherein said fiurst symbol includes said first edge and wherein said second 
symbol includes said second edge. 
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4. The record caiiier of claim 3, wherein fhe secoiid symbol has a third such 
edge (124B) which is shifted with respect to one of said reference points, by a third ofiset 
(128). 

5. The record carrier of claim 4, wherein the magnitude of the second oBset 
(126) is different to the magnitude of the third ojBfeet (128). 

6- The record carrier of any of claims 3 to 5, wherein the data track comprises a 

third symbol having the same nominal length as the second symbol, 

wherein the third symbol has a fourth such edge (134A) and wherein the 
fourth edge is shifted, with respect to one of said reference points, by a fourth ofiset (132), 
the magnitude of which is different to the magnitude of the second of&et (126). 

7. The record carrier of claim 6, wherem the second symbol is separated from a 
fourth symbol (1 1 8) by said second edge and the third symbol is separated firom a fifth 
symbol (130) by said fourth edge, the fourth symbol and Ihe fifth symbol having different 
nominal lengths (118N, 130N). 

8. The record carrier of any of claims 3 to 7, wherein the second integral 
multiple (na) is 3. 

9. The record carrier of any preceding claim, wherein magnitude of the second 
ofifeet (126) is between 5% and 15% of the standard bit length (Axcick). 

10. The record carrier of either of claims 8 and 9 when read in combination with 
claim 7, wherein the fourth symbol (1 18) has a nominal length (1 18N) of 2. 

1 1 • A method of manufacturing a record carrier comprising a data storage layer, 

the method comprising: 

writing digital data to a sur&ce, the writing comprising forming a data track 
including a sequence of symbols having nominal lengths corresponding to an integral 
multiple of a standard bit length (Axcick), the symbols having edges positioned according to a 
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set of reference points (1 12) which are regularly spaced along the data track and separated by 
the standard bit length ( Axcick), 

wherein the sequence of symbols includes a first such edge (1 16A), wherein 
the first edge is shifted along the data track, with respect to one of said reference points, by a 
5 first ofifeet (120), 

wherein the data track includes a second such edge (124A), wherein the 
second edge is shifted along the data track, with respect to another of said reference points, 
by a second ofS&et (126), 

wherein the magnitude of the second o:^et (126) is different to the magnitude 
10 of the first of&et (120). 

12. The method of claim 11, wherein the first ofBset (120) and the second ofi&et 

(126) are determined witib reference to a look-iqp table. 
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ABSTRACT: 



The invention comprises an optical record carrier comprising a data track, tiie 
data track including a sequence of marks and spaces of a plurality of different lengths. The 
madcs and spaces form symbols encoding data. The length of each symbol comprises an 
integral multiple of a standard bit length, and an of&et. The ofiset of each symbol varies 
5 according to the nominal length of the symbol, and the nominal length of the neighboring 
symbol. 
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